Two vanadyl arsenates templated with ethylendiamonium (EnVAs) and piperazonium (PipVAs) were evaluated as catalysts for the oxidation of thioethers and alkenes, using H 2 O 2 and t-butyl hydroperoxide (TBHP) as oxidants. The intrinsic activity of EnVAs was higher than that of PipVAs for the oxidation of sulfides. Similar results were obtained when using either H 2 O 2 or TBHP as oxidants. However, the sterical effects were enhanced when TBHP was used and higher selectivities towards sulfoxides were achieved with this oxidant. The catalytic activity of the V-based materials in the epoxidation of simple alkenes and allylic alcohols was assessed. Upon reuse, both materials show no significant decrease in their catalytic properties. 
1.-INTRODUCTION
Open-framework metal phosphates are of considerable technological importance as shapeselective catalysts, ion-exchange materials and molecular sieves [1] . Since the discovery of the microporous crystalline aluminophosphates AlPO4-n in 1982 [2] , a large number of new metal phosphates with open-framework structures have been synthesized [3] [4] [5] [6] [7] . These structures contain not only tetrahedrally coordinated atoms but also square pyramidal and octahedral moieties. Among the vast family of open-framework metal phosphates, the transition metal phosphates constitute an important group due to their potential activity as redox catalysts. Out of all the open-framework compounds known, those based on the phosphate oxoanion appear to be the predominant class [8] [9] [10] . In addition to the use of tetrahedral phosphate groups as building units, other anionic moieties such as borates [11] , arsenates [12] , sulphates [13] and selenites [14] have been used successfully in the preparation of novel open framework structures, some of them with catalytic properties. Among these, the arsenates are interesting because, although arsenic belongs to the same group as phosphorous, the larger size of the AsO 4 3-anion can give rise to different structures and/or physical properties. Consequently, many arsenate containing frameworks with different structure and composition, have been prepared and characterized [12, [15] [16] [17] [18] [19] [20] .
The incorporation of transition metals, which are able to occur in different oxidation states and/or different coordination numbers within an open-framework structure, would offer the possibility of combining the size and shape selectivity showed by open-framework materials with the catalytic, magnetic, and photochemical properties associated with d-block elements.
Some of the transition metals that have been incorporated into microporous frameworks through hydrothermal synthesis in the presence of organic templating agents include Zn [3] , Co [4] , Fe [5] , Mo [6] and V [7] .
Vanadium is of great interest because it is one of the few transition metal cations that can easily adopt different coordination environments. On the other hand, sulfoxide derivatives are known to have interesting and useful biological and pharmacodynamic properties [24] . The sulfoxides are obtained by oxidation of thioethers by peracids, peroxides and alkyl peroxides using transition metal catalysts [25] . Depending on the catalyst selectivity and the method used, different proportions of sulfoxide and sulfone are produced [26] . In addition, epoxides, produced by the oxidation of olefins, are extremely useful building blocks in the synthesis of organic compounds as they act as excellent intermediates that can yield a great variety of products [27] . When using vanadyl compounds, the catalytically active oxo-peroxo intermediate is formed in situ by oxidation of V(IV) to V(V) with an excess of tert-butyl hydroperoxide, yielding a tert-butyl hydroperoxovanadium(V) complex.
In most of the methods described in the literature, pollutants are generated, because of the use of corrosive acids, toxic or dangerous substances [25] . For this reason it is important to develop clean methods which allow obtaining the sulfoxide derivatives and the epoxides without the generation of these undesired substances. In this sense, the use of hydrogen peroxide instead of other oxidants for the oxidation of organic substrates is an interesting alternative because the unique subproduct of the reaction is water. In addition, hydrogen peroxide is highly efficient in its oxygen content and is a cheap reagent.
The use of open framework phases templated with amines as catalysts in these reactions is especially appealing due to their redox properties, including their acidity [22, 23, 28, 29] .
During the course of our research, we have synthesized two new catalytic compounds, fluoro- The characterization of EnVAs and PipVAs is carefully described in reference 30 and also, it is summed up at the supplementary material of the present article.
2.2.-Procedure
The catalytic experiments were carried out in a batch reactor at atmospheric pressure, at 323 K, and using acetonitrile and dichloromethane as solvent (3 ml after 20 min and 1 h of reaction time respectively. Under the same conditions but using 1.1 mmol of TBHP instead of H 2 O 2 , the conversion after 5 h was 10%. After the end of the catalyzed reactions, the catalysts were filtered and characterized by X ray diffraction and IR spectroscopy.
3.-Results and discussion

3.1.-Synthesis
The reagents, V 2 O 3 (2.335 and 2.001 mmol for EnVAs and PipVAs, respectively) and 
3.3.-Structure
Single-crystal X-ray diffraction data were collected at room temperature on an Oxford Diffraction XCALIBUR2 automatic diffractometer equipped with a CCD detector for EnVAs and on a STOE IPDS (Imaging Plate Difracction System) automatic diffractometer for PipVAs.
The structures were solved by direct methods with the SHELXS97 computer program [32] .
SHELXL97 [33] was used to refine the structure by the least-squares method based on 
3.4.-Catalytic properties
The results given in Figure 1 , (a) and (b) , and in Table 1 show that for the case of methyl phenyl sulfide, which can penetrate in EnVAs, the activity of EnVAs is higher than the activity of PipVAs, in agreement with the higher intrinsic activity expected for EnVAs. Moreover, the selectivity curves, given in Figure 2 , show that the sulfoxide is a primary and unstable product, while the corresponding sulfone appears as a secondary and stable product. Selectivity depends on the oxidant, with H 2 O 2 , EnVAs results also most selective towards the formation of sulfoxide than PipVAs. This would also be consistent with the presence of stronger oxidation sites on EnVAs, taking into account that the oxidation of sulfoxide to sulfone is a more demanding reaction than the oxidation of thioether to sulfoxide. The substrate has a significant influence on the activity and selectivity. The oxidation of the ethylbutyl phenyl sulfide is much slower than that of methyl phenyl sulfide as a consequence of the large size of the reactant. The substituents in the aromatic ring and the more bulky alkyl group imply a decrease in reactivity accompanied by a significant increase in selectivity.
Figures 1 and 2 Table 1 The oxidant plays an important role in the activity and selectivity. When the reactions were carried out using TBHP as oxidizing agent, analogous results were obtained (Figure 3 The results obtained in the epoxidation of different alkenes (styrene, cyclooctene, linalool and geraniol) using EnVAs and PipVAs based materials as heterogeneous catalysts and H 2 O 2 and tert-butyl hydroperoxide as the oxygen source, in dichloromethane, are summarised in Table 2 .
The reaction yields without catalysts run under identical conditions are less than 10 %.
Oxidation of styrene, catalyzed by EnVAs and PipVAs using H 2 O 2 as an oxidant gave styrene oxide, benzaldehyde and 1-phenylethane-1,2-diol as main products, when the reactions were carried out using TBHP as oxidizing agent, analogous results were obtained ( Table 2 The title compounds also act as catalyst for the oxidation of linalool (3,7-dimethylocta-1,6-dien-3-ol) at temperatures higher than 373 K, to give rise to furans and pyrans, with a greater degree of conversion when increasing the reaction time (Table 2 .c). In this case the catalyst acts as a bifunctional system (redox-acid).
The catalysts were also evaluated for the oxidation of geraniol ((E)-3,7-dimethylocta-2,6-dien-1-ol). In this case selective oxidation at 6,7-position was achieved with both systems and TBHP as oxidant (Table 2 .d).
Reutilisation is one of the greatest advantages of heterogeneous catalysts, and can also provide useful information about the anchoring process and catalyst stability along the catalytic cycle.
As can be seen in Table 3 , it is clear that neither EnVAs nor PipVAs lose their catalytic efficiency significantly after two catalytic cycles. In addition to these reutilisation tests, leaching tests were carried out. At a conversion value of about 15 %, in an oxidation reaction of methyl phenyl sulphide with H 2 O 2 as oxidizing agent and EnVAs as catalyst, the solid was separated from the reaction media by centrifugation. The supernatant was then allowed to react, and any increase of conversion was observed. The residue containing the catalyst was washed twice with acetone and diethyl ether (3 mL), and each time, after centrifugation, the organic phase was removed. Finally, fresh reagents were added to the remaining solid and the mixture was allowed to react for, reaching the total conversion after 3 hours of reaction. This is an important result for heterogeneous vanadium-based catalysis and indicates that no deactivation or leaching occurs at least up to three cycles. After the end, the catalyst was filtered and characterized by X ray diffraction and IR spectroscopy. The powder patterns and the infrared spectra did not show any appreciable changes with respect to those obtained before the catalytic reactions ( Figures 5   and 6 ).
Figures 5 and 6 Table 3 The different catalytic behaviour between EnVAs and PipVAs, could be explained taking into account the structural differences between both, as described above. Although the ethylenediammonium is smaller than the piperazonium cation the interlayer space is bigger in the EnVAs catalyst. Furthermore, structural analysis with Topos Program [34] were carried out to evaluate the holes volume between the inorganic skeleton and the organic cations showing bigger volumes in the case of EnVAs. These facts produce a better accessibility of the substrates to the active centres of this catalyst.
4.-Conclusions
These new vanadium based materials show high catalytic activity in the oxidation of organic sulfides and epoxidation of simple alkenes and allylic alcohols. Material EnVAs proved to be a more efficient catalyst, as can be seen by its greater values of TOF. Both materials were used Table Caption   Table 1 . Conversion (C T ), selectivity towards the sulfoxide formation (S SO ) and turnover frequency (TOF) data of oxidation reactions of akyl aryl sulfides catalyzed by EnVAs and PipVAs. (All the reactions were carried out between 50 and 60 ºC and with a 1% of catalysts). Table 2 . Conversion (C T ), products percentage and selectivity data for the oxidation of olefins catalyzed by EnVAs and PipVAs. All the reactions were carried out on a 1% of catalysts and at r.t., except for the epoxidation of linalool, carried out above 373 K. Table 3 . Reutilisation data. Conversion (C T ) and selectivity towards the sulfoxide formation (S SO ) results at 2 hours of reaction at each cycle. (T = 323 K). Table 1 . 
Conversion (C T ), selectivity towards the sulfoxide formation (S SO ) and turnover frequency (TOF) data of oxidation reactions of akyl aryl sulfides catalyzed by EnVAs and PipVAs. (All the reactions were carried out between 50 and 60 ºC and with a 1% of catalysts).
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Reutilisation data. Conversion (C T ) and selectivity towards the sulfoxide formation (S SO ) results at 2 hours of reaction at each cycle. (T = 323 K).
Cycle
X-ray powder diffraction patterns of EnVAs and of PipVAs before (a and c, respectively) and after the catalytic processes (b and d, respectively).
Figure 6.
IR spectra of EnVAs and of PipVAs before (a and c, respectively) and after the catalytic processes (b and d, respectively).
Materials Characterization
Single-crystals of EnVAs and PipVAs were carefully selected under a polarizing microscope and mounted on a glass fibre ( Figure SM.1) . Single-crystal X-ray diffraction data were collected at room temperature on an Oxford Diffraction XCALIBUR2 automatic diffractometer equipped with a CCD detector for EnVAs and on a STOE IPDS (Imaging Plate Diffracction System) automatic diffractometer for PipVAs. The Mo-K radiation was used in both cases. The Lorentz-polarization and absorption corrections were made with the diffractometer software [1, 2] , taking into account the shape and size of the single-crystals. The structures were solved by direct methods with the SHELXS97 computer program [3] . At the first, the positions of the vanadium (IV), arsenic (V) and the oxygen atoms were located.
SHELXL97 [4] was used to refine the structure by the least-squares method based on F Powder X-ray diffraction (XRD) data were collected using a Philips 1470, with BraggBrentano geometry equipped with Cu anticathode. The measurement conditions were 40 KV and 40 mA, in a angular range of 5<2<70º, with a step size of 0.02º in 2 and one second for
step. An indexation of the diffraction maxima has been carried out by Dicvol program [7] belonging to the WinPlotr software package [8] . In both cases monoclinic cells, a= 7.870(2) Å, 
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